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Summary

Microbes have profound influence on the biology of
host tissue. Imbalances in host-microbe interaction
underlie many human diseases. Little, however, is
known about how epithelial homeostasis affects
associated microbial community structure. In Hydra,
the epithelium actively shapes its microbial commu-
nity indicating distinct selective pressures imposed
on the epithelium. Here, using a mutant strain of
Hydra magnipapillata we eliminated all derivatives of
the interstitial stem cell lineage while leaving both
epithelial cell lineages intact. By bacterial 16S rRNA
gene analysis we observed that removing gland cells
and neurones from the epithelium causes significant
changes in hydra’s microbial community. Absence of
interstitial stem cells and nematocytes had no affect
on the microbiota. When compared with controls,
animals lacking neurones and gland cells showed
reduced abundance of p-Proteobacteria accom-
panied by a significantly increased abundance of a
Bacteroidetes bacterium. This previously unrecog-
nized link between cellular tissue composition and
microbiota may be applicable to understanding
mechanisms controlling host-microbe interaction in
other epithelial systems.

Introduction

Epithelia of all animals are colonized by complex commu-
nities of microbes (Dale and Moran, 2006). Microbial
perturbations and imbalances underlie many human
diseases, but the complexity of most natural microbe-
epithelial systems has precluded detailed studies of this
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usually beneficial relationship. Recent studies suggest
that reduced bacterial diversity in the colonic mucosa is
involved in inflammatory bowel disease (Ott et al., 2004;
Frank et al., 2007) and that commensal bacteria play a
role in directing the development of the mammalian
immune system (Mazmanian et al., 2005). But despite the
realization that constant recognition of the commensal
microbiota by Toll-like-receptors plays a protective role in
intestinal homeostasis (Rakoff-Nahoum et al., 2004) and
that a single microbial molecule, polysaccharide A, is
implicated in protection from intestinal inflammatory
disease (Mazmanian et al., 2008), we know little about the
mechanisms and dynamics of these complex interactions.
Moreover, it remains uncertain to what extent epithelial
homeostasis has influence over the associated microbial
community structures.

Pioneering work by Rahat and Dimentman (1982) first
demonstrated that bacteria also affect growth and devel-
opment in the simplest animal at the tissue grade of
organization, the early branched metazoan Hydra, which
in the absence of bacteria has a drastically reduced
budding rate. Previously, we analysed the microbiota in
different species of Hydra and observed, unexpectedly,
that each host species supports association with a differ-
ent set of bacterial phylotypes (Fraune and Bosch, 2007).
These observations indicated that Hydra epithelia play an
active role in selecting their microbiota. The findings
suggest strong selective constraints operating to shape
the microbial community.

Compared with various mammalian epithelia, the hydra
body plan represents a simplified version: It consists of
only two cell layers with a limited number of cell types. All
cell types in Hydra are derived from only three distinct
stem cell lineages, the ectodermal and endodermal epi-
thelial stem cells and the interstitial stem cell lineage
(Bosch, 2008). Interstitial stem cells are multipotent cells
located along the body column and can differentiate in a
position-dependent manner into nematocytes, nerve
cells, gland cells and gametes (Bosch, 2007). Given this
morphological simplicity and the fact that there is no
physical barrier between the epithelium and the microbes,
we hypothesized that Hydra could also be used to
uncover epithelial influences on microbial community
structures in vivo. Exploring this mutual relationship is a
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critical step towards understanding how host and microbe
communities remain in a mutual balance after long-term
co-evolution.

Results

Epithelial homeostasis can be disturbed experimentally
in Hydra magnipapillata strain sf1

To decipher putative links between epithelial homeostasis
and species-level bacterial phylotypes, we made use of
mutant strain sf1 of Hydra magnipapillata which has
temperature-sensitive interstitial stem cells (Sugiyama
and Fujisawa, 1978). Interstitial stem cells are located
between the ectodermal epithelial cells and differentiate
into both germline and somatic components such as

nerve cells, gland cells and nematocytes (Bosch, 2008).
Treatment for a few hours at the restrictive temperature
(28°C) induces loss of the entire interstitial cell lineage
from the ectodermal epithelium while leaving both the
ectodermal and the endodermal epithelial cells undis-
turbed (Terada et al., 1988). Following temperature treat-
ment, the animals were cultured at the permissive
temperature (18°C) for up to 49 days (Fig. 1A). As shown
in Fig. 1B-F, overall morphology and integrity of the
animal body remains unaffected by the temperature
treatment. Analysis of the cellular composition (Fig. 1G)
clearly indicates the gradual disappearance of the entire
interstitial cell lineage including interstitial stem cells,
nematocytes, neurones and gland cells. Approximately
30-40 days after temperature treatment, the tissue nearly
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Fig. 1. Gradual disappearance of interstitial
cell derivates due to temperature treatment.
A. Experimental design. Animals were
cultured at non-permissive temperature for

2 days prior to culturing them at 18°C. From
two independent replicates polyps were
collected at various time points to determine
the microbiota and to monitor changes in
tissue composition. Cartoons illustrate the
gradual disappearance of cell types from host
tissue; (i) interstitial cells; (nb) nematoblasts;
(nc) nematocytes; (nv) nerve cells; (g) gland
cells.

B-F. Live images of Hydra magnipapillata sf1
mutant at various time points after
temperature treatment. As described
(Sugiyama and Fujisawa, 1978), the
epithelium is not affected by the temperature
treatment.

G. Cellular composition of polyps at different
time points after temperature treatment. Note
the absence of nearly all cells of the
interstitial cell lineage 26-46 days after
temperature treatment began.
Control_starved, cellular composition of
animals kept at 18°C but starved for 40 days.
Control_temp., cellular composition of Hydra
magnipapillata strain 105 46 days after
temperature treatment. Note that in controls
no change in nerve/epithelial and gland
cell/epithelial cell ratios occur.
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exclusively consists of endodermal and ectodermal epi-
thelial cells. As treated polyps are unable to feed, for
control we used animals starved for up to 40 days to
exclude that changes in microbiota are due to changes in
metabolic activity (‘control_starved’ in Fig. 1G). Compar-
ing the cell composition in experimental animals at day O
with control animals shows that in ‘control starved’
animals due to nutrient deprivation the number of fast
proliferating cells such as interstitial cells and nemato-
blasts is reduced when compared with animals of day 0
(Fig. 1G) which were taken directly out from a well fed
mass culture. Importantly, Fig. 1G shows that at day 0 the
number of nerve cells and gland cells is about the same in
controls and experimental animals. An additional control
was performed to exclude that observed changes in bac-
terial composition are late responses to heat treatment. In
a ‘control_temp’ experiment (Fig. 1G) we heat-treated the
non-temperature-sensitive H. magnipapillata strain 105
and monitored the bacterial composition 46 days later.

Phylogenetic analysis reveals drastic differences in
microbiota in control and disturbed epithelia

Next, we identified the microbiota in the hydra epithelium
by performing a comprehensive bacterial 16S rRNA gene
analysis at different time points after temperature treat-
ment. The experiment was repeated two times indepen-
dently with the sampling time points 0, 4, 14 and 49 days
after temperature treatment in the first replicate and with
the sampling time points 0, 4, 12, 26, 46 days after tem-
perature treatment in the second replicate (Fig. 1A). For
bacterial genotyping, genomic DNA was extracted from
10 animals from each sample and 16S rRNA genes were
amplified by PCR and cloned. From each sample
between 37 and 47 clones (Table 1) were randomly
selected for restriction fragment length polymorphism

Table 1. Bacterial species richness in Hydra magnipapillata sf1
mutant.

Chao 1
Sample N S Mean = SD 95% ClI
01 42 8 10+3 (8-23)
0-2 40 5 8+4 (5-30)
41 42 6 6 =1 (6-7)
4-2 40 3 3+1 (3-4)
12-2 37 4 4+1 (4-5)
14-1 47 8 81 (8-14)
26-2 40 6 12+7 (7-43)
46-2 44 7 7 =1 (7-13)
491 41 9 24 =13 (12-77)
control_temp. 44 2 2=*0 (2-2)
control_starved 40 3 3=+1 (3—-4)

N, total number of analysed clones; S, identified bacterial phylotypes;
Chao1, richness estimator; Cl, confidence interval.

(RFLP). To identify the bacterial species in the epithelium,
partial sequences (~1450 bp) were obtained from each
RFLP type. Following the phylogenetic analyses,
sequences with = 99% similarity were designated as a
phylotype. To characterize the bacterial community, we
analysed the microbiota based on nearest relative (as
determined by BLASTN search) and phylogenetic affilia-
tion. Figure 2 shows the phylogenetic tree with 61 16S
rRNA gene sequences representing 27 different phylo-
types identified in the whole sequence data set. We
uncovered two to three phylotypes in control tissue and
three to nine phylotypes in the samples from the
temperature-treated animals (Table 1). Analysis accord-
ing to rarefaction curve (Fig. S1A and B) and non-
parametric Chao1 algorithm (Table 1, Fig. S1C and D)
indicate that most samples (except for 49-1, 26-2, 0-2)
shown are comprehensive. The 16S rRNA sequences
showed (Fig. 2) that bacteria of only a limited number of
groups (predominantly S-Proteobacteria) are present in
the two H. magnipapillata controls examined indicating
strong selection. As H. magnipapillata is closely related to
H. vulgaris (Hemmrich et al., 2007), most bacterial divi-
sions present in the H. magnipapillata tissue had been
documented earlier (Fraune and Bosch, 2007) when we
examined the microbes in H. vulgaris tissue.

By identifying the bacteria species at distinct time points
after temperature treatment, we next analysed whether
and how perturbations in epithelial homeostasis contribute
to changes in hydra’s microbial community. Especially two
bacterial phylotypes, belonging to the p-Proteobacteria
and the Bacteroidetes (Fig. 2, grey shadowed phylotypes),
could be identified at all sampling time points after tem-
perature treatment. As shown in Fig. 3A and B, bacteria of
the Bacteroidetes phylotype showed a 10—20-fold increase
in relative abundance with increase from 7% to 69% in
replicate 1 (Fig. 3A) and from 3% to 64% in replicate 2
(Fig. 3B). This increase in the abundance of Bacteroidetes
is accompanied by decreased abundance of a bacteria of
the B-Proteobacteria closely related to Rhodoferax ferrire-
ducens. Decrease in relative abundance was from 48% to
4% inreplicate 1 (Fig. 3A) and from 83% to 14% in replicate
2 (Fig. 3B). To obtain additional support for the view that
distinct bacterial phylotypes change in abundance with
time after temperature treatment, we performed quantita-
tive real-time PCR using phylotype-specific primers shown
in Table 2. Figure 3C and D indicate that the overall abun-
dance of bacteria was slightly reduced in all samples taken
2-4 weeks after temperature treatment. As ‘control
starved’ animals show also a slightly reduced bacterial
load, this most likely is due to nutrient deprivation. The data
in Fig. 3C and D also reveal a decrease of abundance of
the Rhodoferax phylotype with the decrease being larger
than the overall decrease of bacterial abundance. Intrigu-
ingly, about 2 weeks after temperature treatment we
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Fig. 2. Phylogenetic positions (16S rRNA
gene sequences, neighbour-joining tree) of
identified bacterial phylotypes. Bootstrap
values are shown at the corresponding nodes
(n=1000), only bootstrap values = 70 are
indicated. Colour of phylotypes indicates
different sampling time points; blue — 0 day,
green — 4 days, yellow — 12, 14 days, red —
26, 46, 49 days after temperature treatment
began. Phylotypes are encoded as followed
49-1 18 (69) = 49 days after temperature
treatment, replicate one, clone 18, relative
abundance of this phylotype 69% in the
according sample. The branch length indicator
displays 0.05 substitutions per site. Light grey
shadowed sequences indicate two bacterial
phylotypes showing changes in their relative
abundance due to the temperature treatment.
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Fig. 3. Disturbance in tissue homeostasis leads to drastic changes in specific phylotypes of the colonizing microbiota.

A and B. Relative abundance of bacterial phylotypes.

C and D. Quantitative real-time PCR with phylotype-specific primers. Note that compared with two control and experimental animals at day 0
there are drastic changes in abundance of Bacteroidetes and Rhodoferax phylotypes while the overall bacterial load did only change slightly.

observed in both replicates a drastic increase of the
Bacteroidetes phylotype (Fig. 3C and D).

To summarize these changes, we analysed the data by
using the UniFrac computational tool (Lozupone and
Knight, 2005) as described previously (Fraune and
Bosch, 2007). UniFrac cluster analysis allowed assign-
ment of distinct phylotypes to each tissue sample. As
shown in Fig. 4, the bacterial composition of tissue
samples from control and early time points after tempera-
ture treatment was very similar. In control tissue (both
‘control starved’ as well as ‘control temp’) as in tissue
from polyps analysed before and immediately after tem-

Table 2. RT-PCR primers used in this study.

perature treatment, bacteria belonging to the Rhodoferax
phylotype are most abundant while bacteria of the
Bacteroidetes phylotype were found only at very low
relative abundance. As interstitial stem cells and early
stages of nematocyte differentiation are eliminated within
2-4 days after temperature treatment (Fig. 1G), these cell
types apparently had no immediate influence on microbial
community composition. Intriguingly, 2 weeks after tem-
perature treatment, when the host tissue was lacking not
only all interstitial cells but also the nematoblasts and
most nematocytes, and in addition also had a reduced
number of neurones and gland cells (see Fig. 1G), the

Perfect matches®

Name Sequence (5'— 3') Position (bp)? Target group Target group Non-target group Reference
Bac1012_F GAAAGGGATCTTCCAGCAATGG 1012-1033 Bacteroidetes 8 (0.01%) 0 (0.0%) This study
Bac1134_R CTCGCTGGTAACTAACAATAGG  1134-1113 Bacteroidetes 14 (0.02%) 2 (<0.001%)  This study
Rho1026_F TCGAAAGAGAACCGTAACACAG 1026-1047 Burkholderiales 2047 (5.6%) 97 (0.01%) This study
Rho1148_R AGAGTGCCCAACTAAATGTAGC 1148-1126 Burkholderiales 1706 (4.6%) 239 (0.03%) This study
Eub341F CCTACGGGAGGCAGCAG 341-357 Bacteria 561 507 (70.7%) 14 (0.03%) Muyzer et al. (1993)
Eub534R ATTACCGCGGCTGCTGGC 534-517 Bacteria 543 693 (68.5%) 282 (0.6%) Muyzer et al. (1993)

a. Corresponding to the relative position in the E. coli 16S rRNA gene.

b. Determine by using the RDP database (Cole et al., 2007).
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Fig. 4. Bacterial communities change when host tissue
composition changes. Jacknife environment cluster tree (weighted
UniFrac metric, based on the 61 sequence tree) of the analysed
bacterial communities. 1000 Jacknife replicates were calculated,
nodes are marked with Jacknife fractions. The branch length
indicator displays distance between environments in UniFrac units.
Coloured numbers indicate different sampling time points (for
colour code see Fig. 2). Pie charts indicate relative abundance of
bacterial phyla in different samples after temperature treatment.
Data from similar sampling time points of the two independent
replicates were pooled. Asterisks indicate the significance of the
differences in the bacterial composition (UniFrac significance

P = 0.05) of the pooled data sets.

bacterial composition changed. Most drastic changes in
microbiota could be observed in polyps after about
4 weeks of temperature treatment compared with 0 day
(P =0.04, UniFrac significance). In these polyps nearly all
of the cells of the interstitial cell lineage including nema-
tocytes, nerve cells and gland cells had disappeared. As
shown in Fig. 4, in samples from this disturbed epithelium
the relative abundances of the Rhodoferax and
Bacteroidetes phylotype changed drastically. Taken
together, our observations strongly indicate that the com-
position of the colonizing microbiota is dependent on host
factors such as the cell types present in the epithelium.

Discussion

The data presented in this study show that changes in
epithelial homeostasis in Hydra cause significant changes

in the microbial community, implying direct interaction
between epithelia and microbiota. Which factors are
involved in this dynamic interplay between host and
microbes? As Hydra has complex epithelial cell-based
mechanisms for host defence engaging novel potent anti-
microbial peptides (Augustin et al., 2009; Bosch et al.,
2009; Jung et al., 2009; Rosenstiel et al., 2009), it is likely
that these key effector molecules of the innate immune
system have an essential role in this regulation. Antimi-
crobial peptides in Hydra have been found to have differ-
ent antimicrobial activities against different bacteria
species (Bosch et al., 2009; Jung et al., 2009). It should
therefore not be surprising if different antimicrobial pep-
tides affect the microbiota associated with the hydra epi-
thelium in a different manner.

Evidence presented in this study shows that the absence
of two types of interstitial cell derivatives, nerve cells and
secretory gland cells, has profound impact on the compo-
sition of the colonizing microbiota. Interestingly, both cell
types have been observed earlier in being involved in
hydra’s microbial defence. When investigating the antibac-
terial activity in Hydra, we unexpectedly observed a strong
correlation between the number of neurones present and
the level of the antibacterial response (Kasahara and
Bosch, 2003). Using the same mutant strain of H. magni-
papillata containing temperature-sensitive interstitial stem
cells as the strain used in this study, we observed strong
antibacterial activity in epithelial tissue lacking any neu-
rones suggesting that in Hydra neurones influence the
innate immune response (Kasahara and Bosch, 2003). As
it was probably within cnidarians, or a related ancestor
group, that nervous systems first evolved (Nielsen, 2008),
these observations led us to propose (Kasahara and
Bosch, 2003) that the cross-talk between nervous and
immune system should be considered as an evolutionary
ancient invention. Our observation of drastic changes in
the composition of the microbiota in polyps lacking nerve
cells (Figs 2—4) underlines the significance of this cell type
in host—microbe interactions.

Another cell type absent in temperature-treated
H. magnipapillata strain sf1 polyps which is affecting the
composition of the microbiota are secretory gland cells.
Interestingly, our recent investigations show that hydra’s
secretory gland cells play important roles in preventing
bacterial infection by producing antimicrobial mediators
such as serin protease inhibitors belonging to the kazal
type family (Augustin etal, 2009). Together with the
observations reported in the present study this suggests
that the release of immune mediators from secretory
gland cells may constitute a critical early step in the
complex series of cellular and molecular events which
make up the innate immune response in Hydra.

Although important first steps have been made in
describing the microbiota of the hydra, much needs to be
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learned about their function. Which roles do microbial
communities play in the health of Hydra? Does the micro-
bial flora associated with Hydra contribute to the antimi-
crobial defence of the animal? What principles govern the
assembly and maintenance of the hydra microbiome? Do
antimicrobial peptides not only kill bacteria but are also
involved in keeping the structure of the microbial commu-
nity in balance? Answers to these questions will con-
siderably improve our understanding of the role that
tissue-associated microbial communities play in health
and disease. As early as 1982, axenic Hydra were shown
to have severe developmental defects (Rahat and
Dimentman, 1982). Culturing them under sterile condi-
tions resulted in reduced budding rate; after inoculation
with bacteria from Hydra stock-culture normal budding
was resumed. While there are several explanations for
this effect, one attractive hypothesis could be that Hydra
needs bacteria for normal tissue homeostasis.

In summary, our finding has three major implications.
First, it indicates a previously unrecognized link between
cellular tissue composition and microbiota. Second, the
finding may be applicable to understanding mechanisms
controlling host—-microbe interaction in other epithelial
systems. The complexity of most previously studied
systems has limited detailed studies of epithelial influ-
ences on microbial distribution. Our findings derived from
the in vivo context of a whole epithelial organism therefore
may provide one of the simplest possible systems to
address questions of how tissue composition affects the
microbial community over space and time and how a
stable host and microbe community remains in balance.
Third, as Hydra is an early branching metazoan (Collins,
1998; Collins et al., 2006) and has preserved much of the
genetic complexity of the common metazoan ancestor
(Miller et al., 2007; Hemmrich and Bosch, 2008; Rosen-
stiel et al., 2009), it also promises to be highly informative
with respect to tracing ancient mechanisms controlling
inter-domain interaction between bacteria and their
hosts.

Experimental procedures
Animal culture

Experiments were carried out with mutant strain H. magni-
papillata sf1 containing a temperature-sensitive interstitial
cell lineage (Sugiyama and Fujisawa, 1978). The ‘con-
trol_temp’ experiment was carried out with H. magnipapillata
strain 105. Unless otherwise stated, animals were cultured
using standard conditions at 18°C. Treatment of sf1 polyps,
which have temperature-sensitive interstitial cells (Terada
etal., 1988), for 48 h at the restrictive temperature (28°C)
induces quantitative loss of the entire interstitial cell lineage
including interstitial stem cells, proliferating nematoblasts
and differentiating nematocytes. Cell composition and cell
number in polyps at various time points after temperature

treatment were determined in mazerated preparations
(David, 1973). ‘Control starved’ animals represent H. magni-
papillata strain sf1 polyps which were not exposed to tem-
perature treatment but starved for up to 40 days. ‘Control
temp’ animals represent H. magnipapillata strain 105 polyps
which were exposed to temperature treatment in the same
way as experimental animals and analysed for their bacterial
composition 46 days after temperature treatment.

Molecular analysis

For genomic DNA extraction, whole animals were subjected
to the DNeasy Tissue Kit (Qiagen, Hilden, Germany). Univer-
sal bacterial PCR primers were used to amplify the region
corresponding to positions 27-1492 of the Escherichia coli
16S rRNA gene by using a 30 cycle PCR (Weisburg et al.,
1991). Resulting PCR fragments were cloned into pGEMT
vector (Promega, Madison, Wisconsin) and transformed into
E. coli DH5a. cells (Invitrogen, Karlsruhe, Germany). From
each sample around 46 transformants were selected.
Plasmid inserts were checked by PCR and subjected to
RFLP by using the restriction enzymes Haelll and Hin6l (Fer-
mentas). By sequencing two to three clones with identical
RFLP pattern, we confirmed that clones are members of the
same phylotype. Representative plasmids were sequenced
using a LI-COR 4300 DNA Analyzer plate sequencer (LICOR
Biosciences, Lincoln, Nebraska). All sequences have been
submitted to GenBank (FJ517665—-FJ517723).

Data analysis

Sequences were sorted into phylotypes using the criterion of
99% sequence identity. All the sequences were subjected to
the chimera check programs Bellerophon (Huber et al., 2004)
and Pintail (Ashelford et al.,, 2005) for the elimination of
chimeric sequences. Three sequences could be identified
containing substantial anomalies and were removed from
the data set. Chloroplast sequences were identified and
removed. The final data set of 61 non-chimeric sequences
were aligned using the ARB software package (Ludwig et al.,
2004). Closely related sequences were found by the function
‘search for the closest relatives’ implemented in the ARB
software and by a BLAST search and added also to the align-
ment. Alignments were optimized by hand and a neighbour-
joining tree was calculated with all 16S rDNA sequences and
their closest relatives by using Olsen correction and a boot-
strap resampling of 1000 replicates.

Quantitative real-time PCR

For two bacterial phylotypes showing drastic changes in
their relative abundance due to the temperature treatment,
phylotype-specific primers were designed using the compu-
tational tool Primrose 2.17 (Ashelford etal., 2002). The
primers used for quantitative RT-PCRs are summarized in
Table 2. Quantitative RT-PCR assays were performed with a
QuantiTect Probe RT-PCR Kit (Qiagen, Hilden, Germany)
using a 7300 realtime PCR system (ABI, Foster City, USA).
The amplification efficiency of each gene was tested with a
dilution series from a reference gDNA. All amplification effi-
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ciencies were comparable with a ACslope <0.1. The fold
change in abundance for 16S rRNA genes of interest was
determined by comparison with the threshold cycle (C)) of the
control gene Hydra actin: hyActinF 5-GAA TCA GCT GGT
ATC CAT GAA AC-3” and hyActinR 5-AAC ATT GTC GTA
CCA CCT GAT AG-3'. The fold change in the abundance of
16S rRNA genes was calculated using the formula fold
change = 27247,

Data analysis with UniFrac

To test differences between the bacterial communities from
each sample, we used the UniFrac computational tool (Loz-
upone and Knight, 2005). We used the neighbour-joining tree
to calculate the fraction of tree branch length unique to any
one treatment in pairwise comparisons (weigthed UniFrac
metric). The P-value for the tree, reflecting the probability that
there are more unique branch lengths than expected by
change, was calculated by generating 1000 random trees.
The analysis accounted for abundance information resulting
from the RFLP analysis. Additionally we performed UPGMA
clustering, using the weighted UniFrac metric and a jackknife
analysis with 1000 permutations to access confidence in
nodes of the UPGMA tree.

Estimation of diversity

The estimation of the number of bacterial phylotypes in each
sample was assessed by the Chao1 non-parametric richness
estimator implemented in the computational tool EstimateS
(Version 8, http://viceroy.eeb.uconn.edu/estimates). For the
purpose of inputting data into the program, we treated each
RFLP pattern as a separate sample.
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Supporting information

Additional Supporting Information may be found in the online
version of this article:

Fig. S1. Sample-based assessments of diversity and cover-
age at different sampling time points after temperature
treatment.

A and B. The number of observed phylotypes (99%ID) and
the number of clones sampled are shown as Rarefaction
curves.

C and D. The phylotype richness for each treatment is
expressed as Chao1 richness estimates.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the
article.
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